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SPECIFICATION 

TITLE OF THE INVENTION 
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TECHNICAL FIELD 

The present invention relates to an ECR plasma source 
and an ECR plasma device and, more particularly, to an 
ECR plasma source capable of establishing a plasma density 
10 uniform in a generally rectangular section, and an ECR 
plasma device using the source. 

BACKGROUND ART 

The ECR (Electron Cyclotron Resonance) plasma source 

15 can generate a highly dense plasma uniformly in a plasma 
generating chamber so that it is used as a plasma source 
for a semiconductor laser, an SAW (Surface Acoustic Wave) 
device, or a device for sputtering or etching an LSI. 

The ECR plasma source comprises a plasma generating 

20 chamber, a magnetic coil and a microwave introducing 

portion . The ECR sputtering or etching device of the prior 
art has been intended mainly for a wafer- shaped circular 
sample placed still. Therefore, the ECR plasma source for 
those device comprises : a plasma generating chamber having 

25 a circular sectional shape in a plane normal to a plasma 
flow; a magnetic coil wound to have a circular sectional 
shape in a plane normal to the plasma flow; and a microwave 
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introducing portion having a structure for introducing 
the microwaves either directly or in a branching and binding 
method from a microwave waveguide (as referred to Japanese 
Patent No. 1553959 or "Deposition of High Quality Thin 
5 Films Using ECR Plasma" by Amazawa et al . , Reports of 
Precision Engineering Society Vol, 66, No. 4, 511 (2001)). 

Especially in the case of the sputtering device, the 
branching and binding method is frequently utilized so 
as to prevent target particles from contaminating a 
10 microwave introducing aperture (usually made of a quartz 
plate) . 

Fig. 5A and Fig. 5B are diagrams for explaining an 
example of the construction of an etching device, which 
comprises the ECR plasma source of the prior art having 

15 a circular section. Fig. 5A is a top plan view, and Fig. 
5B is a sectional view taken along VB - VB 1 from Fig. 5A. 

In the etching device comprising the ECR plasma source 
of the prior art having the construction shown in Fig. 
5A and Fig. 5B, the plasma generated in a plasma generating 

20 chamber 70 flows through a plasma drawing opening 14 and 
irradiates a sample 100 arranged in a sample chamber 11. 
In this case, the plasma generated in the plasma generating 
chamber 70 establishes a downward plasma flow directed 
from the plasma generating chamber 70 to the sample 100, 

25 as shown in Fig. 5B . 

Considering the shape of the sample 100 to be treated, 
the plasma generating chamber 7 0 is shaped to have a circular 
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sectional shape in a plane normal to that plasma flow. 
On the other hand, magnetic coils 80 and 81 are wound in 
a circular shape in a plane normal to the plasma flow, 
and are designed to establish a magnetic field for the 
5 ECR conditions at a predetermined position in the plasma 
generating chamber 70 . Microwaves are introduced into the 
plasma generating chamber 70 from a microwave guide 90 
through a microwave introducing aperture 91 (usually- 
utilizing a quartz aperture) so that electrons in the 

10 magnetic field are efficiently accelerated by the vibrating 
electric field of the microwaves. 

In the so-called "FPD (Flat Panel Display) device" 
such as a liquid crystal display, a plasma display or an 
organic EL ( Electro Liminescence ) display, the development 

15 of which has been progressed, the sputtering or etching 
treatment is demanded for a large-sized sample of about 
50 cm x 60 cm. 

In order that this treatment may be coped with the 
ECR plasma source of the prior art in which the plasma 

20 generating chamber has the circular section in the plane 
normal to the plasma flow, however, the ECR plasma source 
has to be diametrically enlarged . In this case , there arise 
problems: (1) the plasma generating chamber and the 
magnetic coil are enlarged to make the ECR plasma source 

25 extremely expensive ; and ( 2 ) in the ECR plasma source having 
the circular section, it is difficult to sputter or etch 
the large-sized generally rectangular FPD sample 
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uniformly. 

DISCLOSURE OF THE INVENTION 

The present invention has been conceived in view of 
5 those problems, and has an object to provide an ECR plasma 
source which can make a plasma density uniform in a generally 
rectangular section, and an ECR plasma device using the 
source . 

In order to achieve such object, according to a first 

10 aspect of the invention, there is provided an ECR plasma 
source comprising: a plasma generating chamber for 
generating a plasma using the electron cyclotron resonance 
(ECR) by microwaves and for drawing a plasma flow from 
an opening; at least one magnetic generation means having 

15 magnetic coils wound for generating magnetostatic fields 
in the plasma generating chamber; and microwave introducing 
means for introducing the microwaves transmitted from 
microwave transmitting means, into the plasma generating 
chamber, characterized: in that the plasma generating 

20 chamber and the opening of the plasma generating chamber 
have generally rectangular sectional shapes normal to the 
direction of the plasma flow generated in the plasma 
generating chamber; in that the magnetic coils of the 
magnetic generation means are wound in generally 

25 rectangular shapes in a plane normal to the direction of 
the plasma flow; and in that the microwave introducing 
means is so terminated at the end portion as to construct 
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a hollow waveguide for forming standing waves of microwaves 
in the microwave introducing means , and in that a plurality 
of open areas having at least one opening are disposed 
in the waveguide at an interval corresponding to the guide 
5 wavelength Xg of the standing waves of the microwaves , so 
that microwaves in phase are introduced through the opening 
into the plasma generating chamber. 

According to a second aspect of the invention, there 
is also provided an ECR plasma source comprising: a plasma 

10 generating chamber for generating a plasma using the 

electron cyclotron resonance (ECR) by microwaves and for 
drawing a plasma flow from an opening; at least one magnetic 
generation means having magnetic coils wound for generating 
magnetostatic fields in the plasma generating chamber; 

15 and microwave introducing means for introducing the 

microwaves transmitted from microwave transmitting means, 
into the plasma generating chamber , characterized: in that 
the plasma generating chamber and the opening of the plasma 
generating chamber have generally rectangular sectional 

20 shapes normal to the direction of the plasma flow generated 
in the plasma generating chamber; in that the magnetic 
coils of the magnetic generation means are wound in 
generally rectangular shapes in a plane normal to the 
direction of the plasma flow; and in that the microwave 

25 introducing means constructs a microwave cavity resonator 
between a terminal end portion having no opening and an 
end portion having a first opening disposed at a distance 
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of n x {Kg/ 2) (n: an integer of 3 or more) from the terminal 
end portion, in that a plurality of open areas having at 
least one second opening are disposed in the microwave 
cavity resonator at an interval corresponding to the guide 
5 wavelength Kg of the standing waves of the microwaves, so 
that microwaves in phase are introduced through the second 
opening into the plasma chamber. 

According to a third aspect of the invention, the 
aforementioned ECR plasma source is characterized in that 

10 the microwave introducing means includes microwave 

branching means for branching and binding the microwaves 
transmitted from the microwave transmitting means. 

The ECR plasma device of the invention is 
characterized by comprising the ECR plasma source of the 

15 aforementioned invention. Moreover, this ECR plasma 

device can comprise sample moving means so that a sample 
may be irradiated at the generally rectangular area of 
the surface of the sample while being moved by the sample 
moving means . 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A and Fig. IB are diagrams for explaining the 
constructions of an ECR plasma source according to a first 
embodiment of the invention and an ECR plasma device (e.g. , 
25 an etching device or a CVD device ) comprising the ECR plasma 
source, and Fig. 1A is a top plan view of the device, and 
Fig. IB is a sectional view taken along IB - IB' from Fig. 
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1A; 

Fig. 2A and Fig. 2B are diagrams for explaining other 
examples of the constructions of the ECR plasma source 
according to the first embodiment of the invention and 
5 the ECR plasma device (e.g., the etching device or the 
CVD device) comprising the ECR plasma source, and Fig. 
2A is a top plan view of the device , and Fig . 2B is a sectional 
view taken along IIB - IIB' from Fig. 2A; 

Fig. 3A and Fig. 3B are diagrams for explaining the 

10 constructions of an ECR plasma source according to a second 
embodiment of the invention and a sputtering device 
comprising the ECR plasma source, and Fig. 3A is a top 
plan view of the sputtering device , andFig. 3B is a sectional 
view taken along IIIB - IIIB' from Fig. 3A; 

15 Fig. 4 is a top plan view for explaining a fourth 

example of the construction of the ECR plasma source of 
the invention; and 

Fig. 5A and Fig. 5B are diagrams for explaining the 
construction of the etching device comprising the ECR 

20 plasma source having the circular section of the prior 
art, andFig. 5A is a top plan view, andFig. 5B is a sectional 
view taken along VB - VB' from Fig. 5A. 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 An ECR plasma source and an ECR plasma device of the 

invention will be described in detail with reference to 
the accompanying drawings . 
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[ First Embodiment J 

Fig. 1A and Fig. IB are diagrams for explaining the 
constructions of an ECR plasma source according to a first 
embodiment of the invention and an ECR plasma device (e.g. , 
5 an etching device or a CVD (Chemical Vapor Deposition) 
device) comprising the ECR plasma source. Fig. 1A is a 
top plan view of the device, and Fig. IB is a sectional 
view taken along IB - IB' from Fig. 1A. 

The ECR plasma source comprises : a plasma generating 

10 chamber 10 ; magnetic coils 20 and 21 of a magnetic generator; 
and a microwave introducing portion 30 . The plasma, which 
is generated in the plasma generating chamber 10, is 
accelerated in the plasma generating chamber 10 so that 
a plasma flow to a sample chamber 11 through a plasma drawing 

15 opening 14 is generated to irradiate a sample 40 arranged 
in the sample chamber 11. In order to treat the whole 
surface of the large- sized sample such as the FPD, this 
embodiment is provided with the not -shown sample moving 
mechanism, by which the sample 40 is moved in the sample 

20 chamber 11 at a predetermined speed in the direction of 
arrow to be treated so that it is treated all over its 
surface . 

The plasma generating chamber 10 generates the plasma 
by using the ECR so that the plasma flow may be drawn from 
25 the plasma drawing opening 14 or the opening of the plasma 
generating chamber 10 . Both the plasma generating chamber 
10 and the plasma drawing opening 14 are given a generally 
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rectangular section shape normal to a direction of the 
plasma flow to be generated in the plasma generating chamber 
10, so that a generally rectangular area irradiated with 
the plasma flow can be formed on the sample 40. 
5 Here, the "generally rectangular" shape, as will be 

used throughout herein, implies not only the intrinsic 
rectangular shape but also widely shapes similar to the 
rectangular shape . For example , the generally rectangular 
shape may be a shape having its four corners properly rounded . 

10 Moreover, no especial restriction is exerted on the ratio 
between the longer sides and the shorter sides forming 
the contour of that shape. In addition, the generally 
rectangular shape can contain a shape having four sides 
of an equal length. It is needless to say that what the 

15 generally rectangular shape is formed into can be suitably 
set according to the specifications of the device, which 
are determined on the basis of the size of the sample to 
be treated by the ECR plasma device of the invention, the 
contents of the treatment and so on. 

20 The magnetic coils 20 and 21 of the magnetic generator 

for generating static magnetic fields in the plasma 
generating chamber 10 are wound in the generally 
rectangular shape in a plane normal to the direction of 
the plasma flow, so that they generate magnetic fields 

25 for the ECR conditions at a predetermined position in the 
plasma generating chamber 10. 

The microwaves are introduced into the plasma 



- 9 - 



generating chamber 10 from the microwave introducing 
portion 30 through a microwave introducing aperture 36 
made of quartz or the like , so that electrons in the magnetic 
field are efficiently accelerated by the vibrating electric 
5 field of the microwaves. The microwaves, which are 

generated by the not -shown microwave source (utilizing 
the magnetron tube or the like) , are transmitted to that 
microwave introducing portion 30 through an isolator, a 
matching device or the like, 

10 The microwave introducing portion 30 constructs a 

hollow waveguide for forming a standing wave of the 
microwave therein. A plurality of openings 34 ( in a slit 
shape, as shown) are located in series at an interval 
corresponding to the guide wavelength Xg of the standing 

15 microwaves in its longitudinal direction in the waveguide 
having a terminal end portion 31 at its end face. In the 
structure of the microwave introducing portion 30, the 
microwaves in an arranged phase (or in phase) are 
transmitted from this transmission portion 35 into the 

20 plasma generating chamber 10. 

In the waveguide of this microwave introducing 
portion 30, more specifically, resonance units 32 having 
a length Xg/2 but not having the openings 34 in the side 
and resonance units 33 having a length of Xg/2 and having 

25 a length the opening 34 in the side are alternately arranged 
sequentially from the terminal end portion 31. The 
standing waves, which are formed in the resonance units 
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33 of the length X.g/2 and with the opening 34 in the side, 
are arranged in their phases. Therefore, only these 
microwaves in phase are introduced into the plasma 
generating chamber 10 through the openings 34, the 
5 microwave transmission portion 35 and the microwave 

introducing aperture 36, so that the ECR plasma having 
a uniform plasma density can be generated at a predetermined 
position in the generally rectangular plasma generating 
chamber 10. 

10 In the example of the construction described herein, 

the waveguide of the microwave introducing portion 30 for 
forming the standing waves has a total length of 3 . 5 times 
as large as Xg . However, it is needless to say that the 
total length of the waveguide can be freely set according 

15 to the size of the sample to be treated. It is also needless 
to say that the numbers of turns and the current values 
of the magnetic coils 20 and 21 may be designed to generate 
the magnetic fields for the ECR conditions at the 
predetermined position of the plasma generating chamber 

20 10, and that one or more magnetic coils can be used. 

In case the ECR plasma device having the construction 
shown in Fig. 1A and Fig. IB is practiced as the etching 
device, the sample of Si or the like can be easily etched 
by introducing an etching gas such as SF 6 or CF 4 from the 

25 not-shown gas introduction port into the plasma generating 
chamber 10. Moreover, performing the etching a 
large-sized sample while moving it at a predetermined speed 
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allows all over the surface of the sample of a large area. 

In case the ECR plasma device having the construction 
shown in Fig. 1A and Fig. IB is practiced as the CVD device, 
the film of Si0 2 (silicon oxide) , Si 3 N 4 (silicon nitride) , 
5 SiO x N y (silicon oxide-nitride) or the like can be uniformly 
formed by introducing a gas of SiH 4 , 0 2 , N 2 or the like from 
the not -shown gas introduction port into the plasma 
generating chamber 10. 

Here, the microwave introducing portion 30 of the 

10 ECR plasma source shown in Fig. 1A and Fig. IB is constructed 
of the hollow waveguide which is terminated at its end 
portion for forming the standing microwaves therein. 
However, the construction of the microwave introducing 
portion 30 should not be limited to that but may be 

15 exemplified by a microwave cavity resonator. 

On the other hand, the shape of the openings 34 should 
not be limited to the slit shape but can be suitably designed 
if it can introduce the microwaves in phase into the plasma 
generating chamber 10. 

20 In addition to the method of arranging the openings 

3 4 at every guide wavelengths A,g of the standing microwaves , 
moreover, open areas having a plurality of openings of 
a suitable shape may be disposed at every intervals 
corresponding to the guide wavelength taj of the standing 

25 microwaves. 

Fig. 2A and Fig. 2B are diagrams for explaining the 
construction of an ECR plasma device (e.g., an etching 



- 12 - 



device or a CVD device) comprising the ECR plasma source 
thus constructed . Fig . 2A is a top plan view of the device , 
and Fig. 2B is a sectional view taken along IIB - IIB' 
from Fig. 2A. The basic construction is similar to that 
5 of the ECR plasma device shown in Fig. 1A and IB, but the 
microwave introducing portion 30 of the ECR plasma source 
is made of a microwave cavity resonator. 

The microwave introducing portion 30, as shown in 
those Figures, is terminated on its end face with a metal 

10 plate or the like to form the terminal end portion 31. 
The other end portion, which is spaced by a distance of 
n x (Xg/2) (n: an integer of 3 or more) from that terminal 
end portion 31, is made to form an opening 38 of the cavity 
resonator by inserting a metal plate slit or the like into 

15 the other end portion. In the longitudinal direction of 
the microwave introducing portion 30 between the terminal 
end portion 31 and the end portion having the opening 38 
of the cavity resonator, there are alternately disposed 
the plural resonance units 32 and 33 (i.e. , the resonance 

20 units 32 not having the opening 34 in the side face, and 
the resonance units 33 having the opening 33 in the side 
face), which are connected in series at every lengths of 
taj/2 from the terminal end portion 31). This alternate 
disposition constructs the microwave cavity resonator. 

25 In Fig. 2A, the dotted portions indicating the 

boundaries between the resonance units 32 and the resonance 
units 33 may be provided or not with apertures for adjusting 
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the susceptance . This alternate structure may be suitably 
designed according to the specifications as the ECR plasma 
source or the ECR plasma device. In Fig. 2B, the openings 
38 are indicated by dotted lines. 
5 In this structure, moreover, the microwaves are 

transmitted from the plural openings 34, which are formed 
in the side faces (or in the lower faces in Fig. 2B) of 
the in-phase portions of the microwave cavity resonator, 
into the plasma generating chamber 10 . In the construction 

10 example shown in Fig. 2A and Fig. 2B, the total length 
of the cavity resonator is 3 . 5 times as large as the Xg . 

The three resonance units 33 having the opening 34 
in the side face is located in this cavity resonator. The 
microwaves in these resonance units are standing waves 

15 in phase so that the in-phase microwaves are introduced 
from the openings 34 in the side face into the plasma 
generating chamber 10 through the microwave transmission 
portion 35 and the microwave introducing aperture 3 6 . With 
this construction , the ECR plasma having the uniform plasma 

20 density can be generated at the predetermined position 
in the generally rectangular plasma generating chamber 
10. 

[ Second Embodiment ] 

Fig. 3A and Fig. 3B are diagrams for explaining the 
25 construction of an ECR plasma source according to the second 
embodiment of the invention, and a sputtering device 
comprising the ECR plasma source. Fig. 3A is a top plan 
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view of the sputtering device, and Fig. 3B is a sectional 
view taken along IIIB - IIIB'. from Fig. 3A. 

The basic structure of this ECR plasma source is 
similar to that shown in Fig . 2A and Fig . 2B , and is composed 
5 to include the plasma generating chamber 10, the magnetic 
coils 20 and 21, and the microwave introducing portion 
30. In this construction, however, the microwave 
introducing portion 30 comprises a microwave branching 
portion 37 for branching and binding the microwaves 

10 transmitted from a microwave transmitting device. 

The plasma generated in the plasma generating chamber 
10 is accelerated along the magnetic lines so that it becomes 
a plasma flow directed to the sample chamber 11 through 
the plasma drawing opening 14. When a DC or RF electric 

15 power is applied to a target 50 arranged around the plasma 
flow, the elements such as metals or semiconductors 
composing the target 50 are sputtered to deposit on the 
sample 40 arranged in the sample chamber 11. 

In order to treat the whole surface of the large- sized 

20 sample such as the FPD, this embodiment is provided with 
the not -shown sample moving mechanism. The sample 40 is 
sub j ect ed , while being moved by the sample moving mechanism 
in the sample chamber 11 at a predetermined speed in the 
direction of arrow, to a sputtering treatment so that its 

25 whole surface is deposited. 

The plasma generating chamber 10 is designed to have 
a generally rectangular sectional shape in a plane normal 
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to the plasma flow, so that the generally rectangular area 
to be irradiated with the plasma flow can be formed on 
the sample 40. On the other hand, the magnetic coils 20 
and 21 are wound in the generally rectangular shape in 
5 a plane normal to the plasma flow so that they generate 
a magnetic field for the ECR conditions in the plasma 
generating chamber 10 at the predetermined position. 

The microwaves are introduced into the plasma 
generating chamber 10 from the microwave introducing 

10 portion 30 using the branching and binding method through 
the microwave introducing aperture 36 made of quarts or 
the like . As a result , the electrons in the magnetic field 
can be efficiently accelerated by the vibrating magnetic 
field of the microwaves. 

15 In the construction example shown in Fig. 3A and Fig. 

3B f the microwaves, which are generated by the microwave 
source (utilizing the magnetron tube or the like), are 
transmitted to the microwave branching portion 37 through 
the isolator, the matching device or the like. The 

20 microwaves are branched by the microwave branching portion 
37 into two left and right directions so that the branched 
microwaves are introduced into the cavity resonators 
arranged on the individual sides. 

In each cavity resonator, as has been described with 

25 reference to Fig. 2A and Fig. 2B, the in-phase microwaves 
are introduced from the openings 34 in the side face into 
the plasma generating chamber 10 through the microwave 
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transmission portion 35 and the microwave introducing 
aperture 36 , so that the microwaves from the two sides 
are synthesized to propagate in the plasma generating 
chamber 10 . With this construction, the ECR plasma having 
5 the uniform plasma density can be generated at the 

predetermined position in the generally rectangular plasma 
generating chamber 10. 

Specifically, this microwave introducing portion 30 
has the terminal end portions 31 at its end faces. In the 

10 individual left and right longitudinal directions of the 
microwave introducing portion 30, the plural resonance 
units are connected in series at every intervals of Xg/2 
{Xg: the guide wavelength) from the terminal ends 31 thereby 
to construct the microwave cavity resonators. In this 

15 structure, the microwaves are transmitted into the plasma 
generating chamber 10 from the plural openings 34 which 
are formed in the side faces (i.e., the left face or the 
right face in Fig. 3B) of the in-phase portions of those 
microwave cavity resonators . In the construction example 

20 shown in Fig. 3A and Fig. 3B, the left and right cavity 
resonators have the individual total length of 3 . 5 times 
as large as A.g. 

The metal plate slits or the like are inserted into 
the end portions of the individual left and right cavity 

25 resonators thereby to form the openings 38 . The resonance 
unit 32 not having the opening 34 in the side face and 
the resonance units 33 having the opening 34 are alternately 
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arranged sequentially from the terminal portions 31. 

This example is provided with individually three 
resonance units 33 having the opening 34 in the side face. 
The microwaves in these resonance units 33 are standing 
5 waves in phase so that the in-phase microwaves are 

transmitted from the openings 34 in the side face to the 
microwave transmission portion 35. Moreover, the 
microwaves transmitted through the left and right microwave 
transmission portions 35 are introduced through the 

10 microwave introducing apertures 36 into the plasma 

generating chamber 10 so that they are synthesized. With 
this construction , the ECR plasma having the uniform plasma 
density can be generated at the predetermined position 
in the generally rectangular plasma generating chamber 

15 10 . 

By this branching and binding method, the microwave 
introducing apertures can be prevented from being 
contaminated, even in the sputtering of the large-sized 
sample. It is needless to say that the ECR plasma source 
20 of the branching and binding type shown in Fig. 3A and 
Fig. 3B can also be used in the etching device or the CVD 
device . 

In the construction example disclosed herein, the 
left and right cavity resonators have their individual 
25 total length of 3 . 5 times as large as Xg. It is, however, 
needless to say that the total length of the cavity 
resonators can be freely set according to the size of the 
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sample to be treated. 

For example , the ECR plasma source of the construction 
shown in Fig. 4 is the plasma source of the branching and 
binding type similar to the ECR plasma source which is 
5 comprised by the sputtering device shown in Fig. 3A and 
Fig. 3B. The individual left and right resonators have 
a length of 5 . 5 times as large as Xg, so that the ECR plasma 
source can treat a generally rectangular sample, which 
has a width of about 1 . 6 times as large as that of the 

10 ECR plasma source comprised by the sputtering device shown 
in Fig. 3A and Fig. 3B. Even if the longer sides of the 
generally rectangular section thus changes, the generally 
rectangular section of a size according to the purpose 
can be formed by adjusting the number of the resonance 

15 units having the length of Xg/2. 

It is also needless to say that the numbers of turns 
and the current values of the magnetic coils 20 and 21 
may be designed to generate the magnetic fields for the 
ECR conditions at the predetermined position of the plasma 

20 generating chamber 10, and that one or more magnetic coils 
can be used. 

Thus in the sputtering device having the construction 
shown in Fig. 3A and Fig. 3B, the film of Si0 2 , Si 3 N 4 , A1 2 0 3 , 
A1N or the like can be easily formed by introducing a gas 
25 of 0 2 , N 2 or the like from the not -shown gas introduction 
port into the plasma generating chamber 10 and by sputtering 
the target 50 of Si, Al or the like. Moreover, the thin 
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film can be uniformly formed all over the sample of a large 
area by sputtering the large-sized sample while moving 
it at a predetermined speed. 

According to the invention, as has been described 
5 hereinbefore, the ECR plasma source comprises: the plasma 
generating chamber having the generally rectangular 
section in the plane normal to the plasma flow; the magnetic 
coils wound in the generally rectangular shape in the plane 
normal to the plasma flow; and either the waveguide having 

10 the terminated end portion or the microwave cavity 

resonator including the plural resonance units having the 
terminated end portion and connected in series. The 
in-phase microwaves are transmitted into the plasma 
generating chamber from the plural openings which are 

15 formed in the in-phase side faces of the waveguide or the 
microwave cavity resonator. It is, therefore, possible 
to provide the ECR plasma source which can generate the 
plasma density uniform in the generally rectangular 
section . 

20 According to the invention, moreover, the microwave 

introducing portion of the ECR plasma source is made of 
the structure, in which the microwaves transmitted from 
the microwave transmitting tube are branched and bound. 
Therefore, the treatment such as the sputtering can be 

25 executed without any contamination in the microwave 
introducing aperture . 

According to the invention, still moreover, the ECR 
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plasma device comprises not only the aforementioned ECR 
plasma source as the plasma source but also the sample 
moving mechanism for moving the large-sized sample. It 
is possible to provide the RCR plasma device which can 
sputter or etch even the large-sized sample of the generally 
rectangular shape such as the FPD easily. 



